.@'Â°The classic manifestation of alveolar overdistension is lung rupture and extra-alveolar gas. However, less dramatic forms of baro trauma may also include direct alveolar daniage which manifests itself as a pathologic picture closely resembling the adult respiratory distress syndrome 2 Of concern is that this alveolar damage may occur at alveolar distending pressures much lower than that required for rupture.
Patient ventilator dyssynchrony is a phenomenon that occurs when the ventilator is being used to either assist or support a patient effiirt. When the ventilator's response is I@IOt adequate to meet the flow demands of the spontaneous patient effort, high pressure loads are placed on the patient's muscles that can substantially increase the oxygen cost of breathing and perhaps perpetuate niuscle fatigue and failure (Fig J) .24@New ventilatory supl)ort strategies to better synchronize ventilator gas delivery to patient effort would therefore seem desirable. Alveolar overdistension is a consequence of the high inflation pressures required by conventional mechanical ventilatory support strategies. While these high baseline and inflation pressures can be effective in recruiting and ventilating abnormal lung units, they also serve to overdis tend the remaining normal alveoli (Fig 2) .@'Â°The classic manifestation of alveolar overdistension is lung rupture and extra-alveolar gas. However, less dramatic forms of baro trauma may also include direct alveolar daniage which manifests itself as a pathologic picture closely resembling the adult respiratory distress syndrome 2 Of concern is that this alveolar damage may occur at alveolar distending pressures much lower than that required for rupture.
New ventilatory support strategies, therefore, to reduce alveolar pressures and consequent distension seem desirable.
The discussion that follows will focus on two strategies that are currently clinically available on modern adult mechanical ventilators and that specifically address the issues of synchrony and alveolar distension: the use of pressure-limited l)reaths instead of volume-cycled breaths, and the use of inspiratorv time as an alternative to applied positive end-expiratory pressure (PEEP).
PRESSURE-LINIITE I) \ERSUS V( )I.U NIE-CYCLEI) BREAThS
Definitions's
In the adult, most positive pressure breaths are delivered with a flow-limited, volume-cycled strategy (Fig 3) . 
Features of Volume Versus Pressure Breaths
There are four important features ofvolume and pressure breaths that can be compared and contrasted: gas mixiii@ (ventilation/perfusion â€"¿ V/Qmatching), assist synchrony, vol ume guarantees, and barotrauma risks.
Ga.cMixing and V/Q Matching: There is surprisingly little
data comparing these two breath types in terms of gas However, only one study has suggested that these effects indeed may improve gas exchange,'@ and thus, more work is needed to confirm this. Volume Guarantees: While the pressure-limited breath guarantees a certain airway pressure, the flow-limited, volume-cycled breath guarantees a tidal volume and minute ventilation (Fig 3) . Patients with unreliable respiratory drives and/or unstable lung mechanics will thus always be guaran teed a certain minute ventilation with volume-based support as opposed to pressure-based support.
Barotrauma RLsk: There are rio studies comparing the incidence of iatrogenic lung injury using either of these breath types. However, from theoretic considerations, it may be that there is really no difference if the same tidal volume and inspiratory time are used. That is because with volume and timing parameters held constant, the maximum alveolar distension using either breath will be identical. Thus, although the peak airway pressures are lower for a pressure breath than a volume breath (because of the decelerating flow pattern), the peak alveolar pressures (which relate more to alveolar distension and lung injury) are comparable. On the other hand, the very rapid initial flows of the pressure breath may have theoretically diffetent effects of regional filling patterns, and thus, the barotrauma risk due to â€oe¿ shearingâ€• may be different using pressure-versus volume based breaths. However, no data exist to either support or refute this hypothesis.
In summary, pressure breaths offer potential benefits in terms of gas mixing and clearly improve patient ventilator synchrony. On the oth@erhand, the volume breath offers the guaranteed volume. The logical next step in ventilator breath design would appear to be some combination of these two. The most straighiforward approach would be a breath design that would allow the clinician to select the variable flows The concept is that expiratory pressure prevents the alveoli from collapsing during expiration. Gas thus remains in the alveoli throughout the respiratory cycle, and the inspirator@ work and alveolar filling characteristics of subsequent breaths are more advan tageous. A necessary consequence of applied PEEP, how ever, is that all inflation pressures go up. Thus, for a constant tidal volume and inspirator@ time, a given increase in PEEP often necessitates a comparable increase in maximal alveolar pressures. Because of the concerns noted above regarding alveolar overdistension, it would seem that the ideal level of PEEP is the minimal level which prevents collapse.
In managing patients in respiratory failure, PEEP titration should be done with these principles in mind. Unfortunately, however, respiratory failure is usually a heterogenous dis ease, and thus, what is a useful level of PEEP in one lung region may result in overdistension in another or be subop timal in yet another (Fig 2) . An alternate strategy to applied PEEP is the use of a longer inspiratory time.@x@ This should be considered when the level of applied PEEP has reached a level that alveolar overdistension in more normal units is developing (eg, 40 cm H2O peak alveolar pressures). The longer inspiratory time permits a longer period of fresh gas exposure to the alveolar capillary and provides a longer mixing time for fresh gas and the airway to mix with that in the alveoli. As long as expiratory time is adequate for a return to baseline volume, this longer inspirator@ tune in itself will thus produce an elevation in mean pressure (and Consequent improved oxygenation) without the necessary rise in peak pressure and alveolar distension imposed by applied PEEP Note, however, that if inspiratory time is lengthened to the point that exhalation to baseline lung volume is not permitted, air trapping will occur creating an (2) At this point, pressure breaths should be considered as an alternative to volume breaths (if they are not already being used).
(3) Inspiratory time can now be lengthened watching the flow graphics and the delivered pressures and volumes as described above to assessfor air trapping. Inspiratory times are increased in a gradual fashion monitoring oxygenation goals (see below) and avoiding air trapping. (4) If oxygenation levels are still not reached and inspira tory time has been pushed to the point of air trapping, then one is forced to choose between two alternatives: apply more PEEP, or continue lengthening inspiratory time to produce intrinsic PEEP Our aproach has been to use applied PEEP to carry out this last step rather than resortingto longer inspiratory times and intrinsic PEEP. Our rationale is that there are no data showing that intrinsic PEEP has any advantages over applied PEEP and that extrinsic or applied PEEP is far easier to monitor and is more predictable in terms of its effects on ventilator patient interactions.
The oxygenation goals being strived for are beyond the scope ofthis discussion, but generally under these desperate situations, an index of oxygen delivery (rather than just the Po2) is appropriate. This is because other factors such as hemoglobin and cardiac output might be manipulated in an attempt to minimize the need for F1o2,ventilatory pressures, or both.
A final point is that as the inspiratory and expiratory ratio starts to exceed 1:1, patients tend to become more uncom fortable. Adequate sedation and/or paralysis is important at this point not only for patient comfort but to reduce unnecessary patient agitation and consequent oxygen con sumption, which in turn will lower the mixed venous Po2
and make arterial oxygenation that much more difficult. effects. First, it will elevate the baseline pressures in the alveoli (just like applied PEEP) but without a concomitant rise in observed airway expiratory pressures. Second, the development of intrinsic PEEP affects the delivery of mechanical ventilatory support (Fig 4 and 5) .@ Briefly, if one is using volume-cycled ventilation, the development of intrinsic PEEP, while not appearing in the expiratory pressures, will appear as an elevation in peak airway and peak plateau pressures (Fig 4) . Conversely with pressure ventilation, the development of intrinsic PEEP will reduce the delivered volumes (Fig 5) . With either form of ventilatory support, intrinsic PEEP is characterized by an abrupt termination in an expiratory flow signal before baseline is reached (Fig 4 and 5â€"flow signal) . Third, intrinsic PEEP caii produce an inspiratory threshold load which increases patieiit work to trigger a ventilator's demand system. Iii summary, longer inspiratory times have two distinct phases with two distinct mechanisms of action. Longer inspiratory times without air trapping may improve V/Q matching by allowing longer mixing tinie between conduct ing airways, alveoli, and capillary This is accomplished without a consequent increase in peak alveolar pressures or distension. Longer inspiratory times that do produce air trapping can create an â€oe¿ intrinsic PEEPâ€• effect in the lung in the alveoli. This probably has an effect similar to applied PEEP at the alveolar level but is more difficult to monitor and will result in important changes in the pattern of delivered ventilatory support.
Application
A reasonable stepwise approach to oxygenation support that utilizes both pressure breaths and inspiratory time would be as follows:
(1) Applied PEEP is given to assure that the bulk of alveoli is l)eing prevented from collapsing. 
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